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SPECIFICATION 

[TITLE OF THE INVENTION] PROTECTIVE DEVICE FOR ENDOSCOPE- 
OPTICAL FIBER BUNDLE 
[WHAT IS CLAIMED IS:] 

1 In an endoscope having an optical fiber bundle to be 
inserted into an insertion hose having a tip, a bendable hose, 
and a flexible hose in order from a tip side through the tip, 
the bendable hose, and the flexible hose, a protective device 
used for the optical fiber bundle, the protective device 
characterized in that it comprises: 

a thin-walled tube with which the optical fiber bundle 
is covered over the whole length thereof; 

a mouthpiece fixed to both ends of the thin-walled tube 
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and the optical fiber bundle, for joining them together; 

a spiral tube with which the thin-walled tube is covered, 
the spiral tube being located in a part of the tip, the bendable 
hose, and the flexible hose of the insertion hose and being 
formed in such a way as to wind a cross-sectionally flat metal 
spirally; 

a net-like tube with which an outer periphery of the 
spiral tube is covered, one end of the net-like tube being fixed 
to the mouthpiece on the tip side, the other end thereof being 
located in the flexible hose; and 

a flexible tube with which an outer periphery of the other 
end of the net-like tube and an outer periphery of the 
thin-walled tube are covered, the flexible tube having an 
elastic force shrinkable in a radial direction by which the 
other end of the net-like tube is brought into close contact 
with the thin-walled tube. 

2 The protective device for the endoscope-optical fiber 
bundle according to Claim 1, characterized in that the 
thin-walled tube, the spiral tube, the net-like tube, and the 
flexible tube are joined together with a flexible adhesive. 

3 The protective device for the endoscope-optical fiber 
bundle according to Claim 1 or Claim 2, characterized in that 
a material of the net-like tube is tungsten. 
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[DETAILED DESCRIPTION OF THE INVENTION] 

a. Technical Field 

The present invention relates to a protective tube for 
an optical fiber bundle contained in an insertion hose of an 
endoscope that is used while being inserted in a body cavity 
or in a machine. 

b. Prior art and its problem 

An optical fiber bundle contained in an insertion hose 
of an endoscope usually has its outer periphery covered with 
a thin-walled tube made of a flexible synthetic resin since 
the fiber bundle is extremely weak. 

However, some parts of an optical fiber bundle, a forceps 
channel tube, an air supply tube, a water supply tube, etc., 
that are contained in the bendable hose and that are located 
on the side of the outer periphery with respect to a neutral 
axis of the bendable hose are pulled whereas some parts of them 
that are located on the side of the inner periphery with respect 
to the neutral axis thereof are pushed when bending a bendable 
hose, which is a constituent part of the insertion hose, by 
rotating a bending operation knob provided at an operating part 
connected to an end of a flexible hose the other end of which 
is connected to the bendable hose. Additionally, although the 
forceps channel tube, the air supply tube, the water supply 



3 



tube, etc. , are flexible, they are liable to move further toward 
the inner periphery as shown in FIG. 3 when bent, because they 
have an elastic force by which a straight condition is kept. 

Therefore, the optical fiber bundle contained in the tube 
is pulled or pushed and is squeezed between the inner 
circumferential surface of the bendable hose and the forceps 
channel tube, the air supply tube, or the water supply tube 
when bending the bendable hose by rotating the bending 
operation knob. Usually, this operation is repeatedly carried 
out in an endoscopic examination, and therefore optical fibers 
break. As a result, an illumination light quantity for 
observation decreases in an optical fiber bundle for 
illumination, and, in an optical fiber bundle for observation, 
a black spot appears in an observation image from an eyepiece 
connected to the operating part, thus badly impairing the 
properties inherent in the endoscope, and making the endoscope 
unusable. 

A possible solution to this problem is to provide a means 
for enlarging the wall thickness of the thin-walled tube made 
of synthetic resin with which the optical fiber bundle is 
covered, but this is insufficient to protect the optical fiber 
bundle because this tube uses a flexible material such as 
silicon. 
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As another means, Japanese Unexamined Utility Model No. 
Sho-57-120003 makes the proposition that the outer periphery 
of a thin-walled tube is covered with a net-like tube woven 
out of cross-sectionally flat materials, but, the net- like tube 
has the property of easily being shrunk in the radial direction 
when pulled in the axial direction and easily being expanded 
when pushed, and has the property of also having weak resistance 
to the pressure in the radial direction (collapsing) . 
Therefore, this has been insufficient to protect the optical 
fiber bundle. 

c. Object 

The present invention has been made to solve the 
aforementioned problems, and aims to provide a protective tube 
capable of infallibly protecting an optical fiber bundle 
contained in an endoscope and capable of improving the 
durability greatly. 

d. Summary of the invention 

In the present invention, attention is paid to the fact 
that an insertion hose of the endoscope is comprised of a tip, 
a bendable hose, and a flexible hose, and the protective 
structure of an optical fiber bundle is changed in range from 
the tip and the bendable hose to the flexible hose, for which 
a more desirable protective form is obtained. 
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In more detail, the present invention is characterized 
by, in an endoscope having an optical fiber bundle to be 
inserted through a tip, a bendable hose, and a flexible hose 
of an insertion hose, a thin-walled tube with which the optical 
fiber bundle is covered over the whole length thereof; a 
mouthpiece fixed to both ends of the thin- walled tube and the 
optical fiber bundle, for joining them together; a spiral tube 
with which the thin-walled tube is covered, the spiral tube 
being located in a part of the tip, the bendable hose, and the 
flexible hose of the insertion hose and being formed in such 
a way as to wind a cross-sectionally flat metal spirally; a 
net-like tube with which an outer periphery of the spiral tube 
is covered, one end of the net-like tube being fixed to the 
mouthpiece on the tip side, the other end thereof being located 
in the flexible hose; and flexible tube with which an outer 
periphery of the other end of the net-like tube and an outer 
periphery of the thin-walled tube are covered, the flexible 
tube having an elastic force shrinkable in a radial direction 
by which the other end of the net-like tube is brought into 
close contact with the thin-walled tube. 

That is, the net-like tube with which the spiral tube 
is covered has its one end fixed to one mouthpiece of the tip, 
and the other end thereof is merely covered with the flexible 
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tube in the flexible hose and is brought into contact with the 
thin-walled tube by a shrinkage-elastic force in the radial 
direction of the flexible tube without being firmly joined to 
the other mouthpiece, 
e. Embodiment of the invention 

An embodiment of the present invention will be 
hereinafter described with reference to the drawings . 

FIG. 1 is a partially sectional side view of the 
embodiment of the present invention. An optical fiber 2 whose 
single-fiber diameter is about 8 to 40^ is covered with a 
thin-walled tube 3 made of about 3,000 to 50,000 strands of 
silicon, and mouthpieces 4 and 5 are fixed to the optical fiber 

2 with both ends of the optical fiber 2 firmly fit in the 
mouthpieces, respectively, with an adhesive. Both ends of the 
thin-walled tube 3 are fixed to the outer peripheries of the 
mouthpieces 4 and 5 with threads, and, especially in the 
mouthpiece 4 firmly joined to the tip of the insertion hose, 
the thin-walled tube 3 is dropped into a groove 7 disposed in 
the outer periphery on the rear side of the mouthpiece 4 and 
is fixed there with a thread 6, so that the thin-walled tube 

3 is not easily disjoined from the mouthpiece 4 even when the 
thin-walled tube 3 is pulled. 

The outer periphery on the tip side of the insertion hose 
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of the thin-walled tube 3 is covered with a spiral tube 8 made 
of a cross-sectionally flat metal so as to come in contact with 
the outer periphery of the thin-walled tube 3, and the outer 
periphery of the spiral tube is covered with a net-like tube 
9 made of tungsten so as to come in contact with the outer 
periphery of the spiral tube 8 . 

One end of the net -like tube 9 is dropped into a groove 
10, nearer to the tip than the groove 7 and formed in the outer 
periphery of the mouthpiece 4, and is fixed there with the 
thread 6, whereas the other end thereof is covered with a 
flexible tube 11 made of synthetic resin that has an elastic 
force shrinkable in the radial direction so as to be firmly 
joined to the thin-walled tube 3 and be in contact with the 
outer periphery of the thin-walled tube 3 . 

Further, the thin-walled tube 3, the spiral tube 8, 
net-like tube 9, and the flexible tube 11 are integrally joined 
together with a flexible adhesive (not shown) . 

FIG. 2 is a partially sectional schematic drawing that 
shows a state in which the optical fiber bundle 1 according 
to the present invention is incorporated into an endoscope 12 . 

An insertion hose 13 of the endoscope 12 is comprised 
of a tip 14, a bendable hose 15, and a flexible hose 16 that 
are firmly joined together, and an operating part 17 is fixed 
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to the other end of the flexible hose 16. 

The operating part 17 is provided with an eyepiece portion 
19 including an eyepiece used to enlarge and observe one end 
of an optical fiber bundle 18 for observation, a light guide 
tube 20 used to guide one end of an optical fiber bundle (not 
shown) for illumination to a light source (not shown) and 
protect it, and a bending knob 21 used to bend the bendable 
hose 15 by the rotational performance of an examiner. 

An air supply tube (not shown) one end of which is fixed 
to the tip 14, a water supply tube (not shown) , and a forceps 
channel tube 22 are contained in the insertion hose 13. 

The optical fiber bundle 18 for observation and the 
optical fiber bundle (not shown) for illumination are contained 
therein as the optical fiber bundle 1, and FIG. 2 shows the 
optical fiber bundle 18 for observation. Further, a wire (not 
shown) for bending the bendable hose 15 by rotating the bending 
knob 21 is fixed to the tip of the bendable hose 15 and is 
contained, and one end of a coil (not shown) for protecting 
the wire is fixed to a connection part between the bendable 
hose 15 and the flexible hose 16 and is contained. 

In the optical fiber bundle for illumination, the 
performance of the endoscope is not significantly impaired by 
cutting a small number of fibers thereof in comparison with 
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the optical fiber bundle for observation, and therefore there 
is a situation wherein no problems arise even if only the 
thin-walled tube is protected or even if a flexible adhesive 
is merely applied onto the outer circumferential surface of 
the thin-walled tube, in relation to the purpose of use of the 
endoscope or in relation to the filling ratio of contents with 
respect to the outer diameter of the insertion hose and the 
inner diameter of the insertion hose. 

FIG. 3 is an enlarged sectional view of the insertion 
hose 13 on the tip side in a state in which the bendable hose 
15 of FIG. 2 is bent. 

The forceps channel tube 22 is flexible, but, because 
of its elastic force by which a straight condition is kept, 
it moves in the direction of arrow A, and, as a result, the 
optical fiber bundle 18 for observation is squeezed between 
the inner circumferential surface of the bendable hose 15 and 
the forceps channel tube. 

The air supply tube and the water supply tube, not shown, 
move in the same way as the forceps channel tube 22. 

The positions to which the net-like tube 9 and the 
thin-walled tube 3 are fixed are set at a position where the 
flexible tube 11 does not enter the bendable hose 15 even when 
the bendable hose 15 is bent in any direction. 
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In the endoscope 12 in which the thus structured optical 
fiber bundle 1 is contained in the insertion hose 13, when a 
body cavity, for example, is observed, an examiner repeatedly 
bends the bendable hose 15 by rotating the bending knob 21 in 
order to guide the endoscope 12 to an intended part of the body 
cavity of a subject, and leads the tip 14 to the intended part. 

One end of the optical fiber 1 is fixed to the tip of 
the insertion hose 14, and, by a bending movement, the optical 
fiber bundle 1 is repeatedly pulled to the tip side or is pushed 
therefrom through the bendable hose 15 and the flexible hose 
16. Since a conventional optical fiber bundle, including a 
thin-walled tube covering the optical fiber bundle, has high 
flexibility, its stiffness is weak, and a sag occurs in the 
bendable hose and in the flexible hose without being able to 
match the bending movement, thus causing a break in the optical 
fibers . 

Further, as described above, since the forceps channel 
tube, the air supply tube, and the water supply tube in the 
bendable hose are urged to move toward the inner periphery of 
the bendable hose in the bent state, the optical fiber bundle 
is squeezed between the inner circumferential surface of the 
bendable hose and the respective tubes, thus causing a break 
in the optical fibers. 
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Further, if the optical fiber bundle is pulled while being 
squeezed therebetween, a tensile force is applied directly onto 
the optical fiber and breaks the optical fiber since the 
flexibility of the covering thin-walled tube is high. 

- In the optical fiber bundle 1 covering the protective 
tube structured according to the present invention, the 
net-like tube 9 having a relatively great change in the radial 
direction and the spiral tube 8 having a small change with 
respect to the pulling or pushing in the axial direction are 
integrally and firmly joined together with a flexible adhesive 
in a state of being in close contact with each other, and strong 
stiffness is shown while maintaining its flexibility, and 
therefore the optical fiber 2 is protected by the spiral tube 
8 against a collapse without causing a sag even when a bending 
movement is repeatedly performed. 

Further, if the outer periphery of the thin-walled tube 
and the end of the net-like tube are fixed together only with 
the flexible adhesive, the separation of the thin-walled tube 
and the net-like tube occurs especially from the end of the 
net- like tube because of friction and engagement with the inner 
circumferential surface of the flexible hose as a result of 
repetition of a back-and- forth movement in the axial direction 
of the optical fiber bundle through the flexible hose according 
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to the bending operation. This disrupts the back-and- forth 
movement of the optical fiber bundle and causes a break in the 
optical fiber, and, additionally, the strands of the disjoined 
net-like tube pierce through the thin-walled tube and cut the 
optical fiber. 

In the present invention, the outer periphery of the end 
of the net-like tube 9 is covered with the flexible tube 11, 
and the thin-walled tube 3, the net-like tube, and the flexible 
tube 11 are integrally fixed together with the flexible 
adhesive, and therefore friction and engagement between the 
inner circumferential surface of the flexible hose 16 and the 
end of the net-like tube 9 are all received by the flexible 
tube 11, and no separation occurs. 

If there is a large difference in flexibility and in the 
stiffness strength between a part protected by both the spiral 
tube 8 and the net- like tube 9 and a part protected only by 
the thin-walled tube, there is a possibility that the optical 
fiber 2 will break at this boundary. However, in the present 
invention, the flexibility of a part where the outer periphery 
of the thin-walled tube 3 is covered with the flexible tube 
11 to which the end of the net-like tube 9 is fixed is between 
the flexibility of the part covered with both the spiral tube 
8 and the net-like tube 9 and the flexibility of the part of 
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only the thin-walled tube 3. Therefore, a difference in the 
flexibility becomes small, and the optical fiber 1 is prevented 
from being cut at the boundary. 

At a fixed part between the protective tube and the 
mouthpiece 4, the thin-walled tube 3 is dropped into the groove 
7 and is fastened with the thread 6, and one end of the net-like 
tube 9 is dropped into the other groove 10 and is fastened with 
the thread 6. Thereby, pulling strength can be raised without 
increasing the diameter. 

Additionally, the use of tungsten with high mechanical 
strength as a material of the net-like tube 9 makes it possible 
to obtain sufficient strength by the net-like tube 9 whose 
strand diameter is about 0 0.02 mm, and therefore the optical 
fiber 2 can be protected without thickening the outer diameter 
of the protective tube of the optical fiber bundle 1. 
f. Effect 

As is apparent from the foregoing description, in the 
endoscope in which the optical fiber bundle covering the 
protective tube according to the present invention is contained 
in the insertion hose, the optical fiber does not break even 
when the insertion hose is inserted into a body cavity or into 
a machine and is repeatedly bent in order to observe an intended 
part, and therefore the durability of the endoscope itself can 
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be remarkably improved, and, in the present invention, it can 
be realized relatively cheaply, easily, and infallibly. 
[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a partially sectional side view of an embodiment 
of the present invention, FIG. 2 is a partially sectional 
schematic view that shows a state in which an optical fiber 
bundle according to the present invention is incorporated into 
an endoscope, and FIG. 3 is an enlarged sectional view of an 
insertion hose on the side of a tip in a state in which the 
bendable hose of FIG. 2 is bent. 

1 optical fiber bundle, 3 thin-walled tube, 4,5 

mouthpiece, 6 thread, 7,10 groove, 8 spiral tube, 9 

net-like tube, 11 flexible tube, 12 endoscope, 13*-* 

•••insertion hose, 14 tip, 15 bendable hose, 16 

flexible hose 
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Fig.1 




